speaker body size and voice parameters As humans grow, their vocal folds also grow as their length and mass increase (Titze, 1989) , which results in a lowering of the fundamental frequency (Fo) of speech. Vocal tract length also increases (Fitch & Giedd, 1999) , and the formant frequencies of the vowels decrease (Huber, Stathopoulus, Curione, Ash, & Johnson, 1999) as a result. Conversely and on average, women are shorter and have smaller vocal folds and vocal tracts than men (Fitch & Giedd, 1999) . Consequently, in general there are relationships between some acoustic measures of speech and the body size of speakers.
However, data become less clear when individual differences are studied and controlled by age and sex variables. Contrary to a common belief, the correlation within sex between Fo and body size is null or very weak in human adults (Lass & Brown, 1978; Künzel, 1989; van Dommelen, 1993; Hollien, Green, & Massey, 1994; González, 2004; Rendall, Kollias, Ney, & Lloyd, 2005) . In contrast to Fitch's findings in macaque vocalizations (Fitch, 1997) , the relationship within sex between formant parameters and body size is very weak in human adults (González, 2004; Rendall, et al., 2001) .
No other vocal parameters, such as jitter, shimmer, noise-to-harmonic ratio, etc, apart from Fo have been studied with respect to their relationship with speaker body size. Here, correlations are presented between a multidimensional set of 27 voice parameters and 4 body parameters (height, weight, body mass index, body surface area) within a wide sample of people belonging to the same age group.
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Method

Speakers
Participants were 134 young adults of both sexes at the University Jaume I of Castellón shown its robustness and reliability (Kent, Vorperian, & Duffy, 1999; González, Cervera, & Miralles, 2002) and its value as a tool in both research and clinical applications (van As, Hilgers, Verdonck-de Leeuw, & Koopmans-van Beinum, 1998; Xue & Fucci, 2000;  -4 -speaker body size and voice parameters González, Cervera, & Llau, 2003; Kent, Vorperian, Kent, & Duffy, 2003; Butha, Patrick, & Garnett, 2004; Campisi, Low, Papsin, Mount, & Harrison, 2006) .
Voice samples and Analysis
Following the MDVP operations manual (Kay Elemetrics, 1993) , the speakers were asked to produce a sustained phonation of the /a/ vowel for 3 seconds at a comfortable pitch and loudness. Samples were recorded at 50 kHz and stored directly in the host computer in a soundproof room at the University Laboratories.
Voice parameters
By means of the MDVP software, the following parameters were obtained (Kay Elemetrics,
1993):
Fundamental frequency parameters:
Fo ( Results and Discussion Table 1 shows Pearson correlations between the 27 voice parameters and the 4 body parameters (height, weight, BMI, and BSA) for all speakers and for both separate sexes.
The strong negative correlations obtained across all subjects for Fo and other fundamental frequency parameters were almost exclusively due to variations between sexes. In agreement with previous literature, the correlations within sex between Fo and body size were quite weak, ranging from 0 to -.26. Fo (and Fhi, Flo) was related with height for men but not for women. On the contrary, Fo and Flo were related with weight parameters (Weight, BMI) only in women.
Overall, all significant correlations within sex were weak. Stronger correlations were found for men between SPI and VTI parameters and Weight and BSA. The Soft Phonation Index (SPI) is related to the spectral slope, being the ratio between the lower-frequency -6 -speaker body size and voice parameters harmonic energy (70-1600 Hz) to the higher-frequency harmonic energy (1600-4500 Hz).
Male speakers with higher values in Weight, BMI, and BSA tend to have a less "soft" phonation with a more flat spectral slope (a lower SPI). The Voice Turbulence Index (VTI) measures the relative energy level of high-frequency noise and is related with "breathiness" in phonation. Heavier males and those with larger BSA values could have a voice with more breathiness (a higher VTI).
In the female group, a significant positive correlation was found between some Frequency Perturbation parameters (Jitta, Jitt, RAP, sPPQ) and their Weight, BMI, and BSA values. Heavier women and those with a higher BMI and BSA tend to present more irregularities in their voice pitch. In addition, some significant correlations were observed within the Amplitude Perturbation domain, particularly a relatively stronger relation between sAPQ and the Weight and BSA variables. The smoothed Amplitude Perturbation Quotient (sAPQ) measures the long term variability of the peak-to-peak amplitude with a smoothing factor of 55 periods. This parameter could be related with amplitude voice tremors (Deliyski, Orlikoff, & Kahane, 1991; Kay Elemetrics, 1993) , and according to our data, heavier and larger women would have higher sAPQ values than slimmer and shorter women. Finally, a significant correlation was found between Subharmonic parameters (DSH, NSH) and Height. Taller women would be more likely to have subharmonic components that are typical of diplophonic voices and voices with a glottal fry than shorter women -7 -speaker body size and voice parameters -11 -
